The rarity of endocarditis due to Klebsiella species limits its recognition and awareness of its often malignant course. We describe two recent cases of Klebsiella pneumoniae endocarditis and review the clinical context and outcomes of 48 other cases reported in the literature. At our hospital, endocarditis complicated only one of 86 consecutive episodes of bacteremia due to Klebsiella species. In 22 series of endocarditis that we reviewed, Klebsiella species caused £1.2% of cases of native valve endocarditis and up to 4.1% of cases of prosthetic valve endocarditis. Valves were replaced in 44% of these cases, and the mortality rate was 49% in cases for which outcome was specified. Valve replacement may be associated with improved survival. We conclude that Klebsiella species are a rare but ominous cause of complicated bacterial endocarditis that requires careful evaluation during the entire course of therapy.
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Endocarditis caused by gram-negative bacteria is uncomabdomen was soft with mild diffuse tenderness. The WBC mon, although the incidence may be increasing [1] . Among count was 22,100/mL, the hemoglobin level was 11.7 g/dL, the gram-negative bacteria, Klebsiella species are an especially platelet count was 173,000/mL, and the serum creatinine level rare cause of bacterial endocarditis. A review of 348 cases of was 1.9 mg/dL. Urinalysis showed 3/ bacteria, 18 -20 WBCs, gram-negative endocarditis published in the English-language and the presence of nitrites. Cultures of urine and blood (three literature between 1945 and 1977 revealed only two cases of of three sets) yielded K. pneumoniae that was susceptible to endocarditis due to Klebsiella species [2] . We describe two cefazolin (MIC, 8 mg/mL), tobramycin (MIC, õ1 mg/mL), and recent cases of Klebsiella pneumoniae endocarditis and review ceftriaxone (MIC, õ4 mg/mL). A transthoracic echocardiogram the clinical context and outcomes of these infrequently reported showed aortic valve thickening and a dilated aortic root but no infections to highlight their severity and the need for careful definite vegetations. No peripheral manifestations of endocardievaluation during the entire course of therapy.
tis were observed. Therapy with intravenous cefazolin and tobramycin was initiated but was replaced by that with ceftriaxone and tobramycin 2 days later.
Case Reports
On hospital day 8 the patient had a brainstem infarction,
Case 1
with rapid onset of left facial drooping, left upper-extremity weakness, and markedly dysarthric speech. A CT scan of the A 77-year-old male presented to the Minneapolis Veterans head did not show any evidence of hemorrhage, and embolizaAffairs Medical Center (VAMC; Minneapolis) with a 3-week tion from a cardiac source was believed to be the likely cause history of weakness, fever, chills, and nausea. He complained of the infarction. A transesophageal echocardiogram revealed of decreased appetite and a 20-lb weight loss over the past 2 a possible vegetation on the aortic valve, no significant aortic months. Upon admission he had rigors, was diaphoretic, and insufficiency, and new moderate-to-severe mitral regurgitation. complained of recent urinary urgency without dysuria. His Intermittent fevers persisted during the first 2 weeks of antimedical history was significant for aortic valve replacement 5 biotic therapy, although two sets of follow-up blood cultures years earlier.
during this period did not yield any growth. The erythrocyte On physical examination the patient was afebrile (temperasedimentation rate (Westergren method) remained elevated at ture, 95.7ЊF) and hypotensive (blood pressure, 78/46 mm Hg).
54 mm/h. On day 15 the patient's serum creatinine level rose A 3/6 systolic murmur was heard at the left sternal border, to 2.3 mg/dL (tobramycin trough level, elevated at 3.4 mg/mL), with radiation to both the apex and base of the heart. The and aminoglycoside therapy was discontinued 1 week later when the patient's serum creatinine level rose to 3.7 mg/dL. Therapy with cephalosporins was changed back to that with the valve was hemodynamically stable and no abscess was block. Some right costovertebral angle tenderness was noted, and findings on an abdominal examination were unremarkable. observed.
Therapy with gentamicin and ceftazidime was initiated. During week 4 the patient felt better and was anxious to Three days later, therapy with ceftazidime was changed to return home. Outpatient ceftriaxone therapy, which could be oral ciprofloxacin (500 mg twice daily). After having peak managed at home because of convenient once-daily administratemperatures of 106ЊF, the patient defervesced on hospital day tion, was discussed as an option. However, the poor prognosis 7. Two sets of follow-up blood cultures and cultures of urine of klebsiella endocarditis, as indicated in the scant literature and the AICD incision did not yield any growth. Findings on available at that time, argued for a more cautious approach. A a CT scan of the abdomen were unremarkable. Therapy was predischarge transesophageal echocardiogram revealed a perichanged to ceftriaxone alone on day 9 because the patient's valvular abscess with dehiscence of the aortic valve. The valve serum creatinine level was 3.1 mg/dL; therapy was converted rocked, a large perivalvular leak was observed, and a fistula the following day to oral ofloxacin, 400 mg once daily. The into the right atrium was present.
patient reported feeling better. The patient underwent emergent valve replacement with an On day 10 a transesophageal echocardiogram revealed a aortic homograft. At surgery, one-third to one-half of the sugrossly abnormal aortic prosthesis with rocking motion and a tures had dehisced from the Hancock porcine valve in the large perivalvular leak around the ventricular side of the prosarea of the pulmonary outflow tract. An abscess involved the thesis in association with moderate-to-severe aortic regurgitasubannular area under the left main coronary artery, and the tion. Possible annular abscess formation was discovered in tissue in this area was markedly edematous and friable. The three areas. All findings were consistent with endocarditis. annulus was destroyed in the area of the right ventricular outTherapy was changed to intravenous ceftriaxone (2 g every flow tract. Pathological examination revealed intact leaflets on 12 hours) alone because the patient's serum creatinine level the prosthetic valve, without perforation. Microscopic examinaremained elevated at 3.6 mg/dL. Aortic valve replacement was tion did not reveal any organisms, and cultures were negative.
planned for the following week. After surgery, the patient recovered uneventfully and was disWhile he awaited surgery, the patient's condition worsened. charged on hospital day 41 and received an additional 4-week He developed a 3/6 systolic murmur and a 2/6 diastolic murcourse of ceftriaxone therapy at home. He remains asymptommur. The pacemaker pocket became inflamed, and the AICD atic 4 months after his surgery.
and leads were explanted, although no organisms were seen on gram staining, and cultures did not yield any growth. During surgery on hospital day 21, dihiscence of the old
Case 2
St. Jude valve, near the junction of the left and right coronary cusps, was observed. There was an abscess between the left A 75-year-old male presented to a local community hospital ventricular muscle and the aortic annulus, extending counterwith low-grade fever, nausea, vomiting, and generalized weakclockwise around half the annulus from the level of the right ness 1 week after placement of an automatic implantable cardicoronary ostia, passing beneath the left coronary cusp to the overter/defibrillator (AICD; Cardiac Pacemarkers model 1762, junction of the left coronary and noncoronary commissure. Arden Hills, MN). The patient had been well for 17 years after Pathological examination showed chronic inflammation with a undergoing aortic valve replacement; however, 2 months before foreign-body reaction around sutures and focal areas of calcifiadmission, he had developed a perivalvular leak without evication. No organisms were seen, and cultures were negative. dence of infection, necessitating a second valve replacement
The patient died of cardiogenic shock several hours after underwith a St. Jude valve.
going valve replacement. On physical examination the patient was febrile (temperaThese two cases highlight the severity of and difficulty in ture, 101.6ЊF) and had a normal pulse and blood pressure.
managing endocarditis caused by Klebsiella species. The rarity of The AICD pocket and incision were not erythematous, warm, the syndrome limits awareness of its presence and of its malignant tender, or indurated. The WBC count was 11,600/mL with 84% course. Even when the two patients appeared to be doing well, neutrophils, the hemoglobin level was 9.5 g/dL, the platelet valve destruction progressed. Persistent or recurrent bacteremia, count was 313,000/mL, the erythrocyte sedimentation rate signaling microbiological failure, was not detectable during ther-(Westergren method) was 85 mm/h, and the serum creatinine apy. Because there were only limited data available to us in the level was 1.5 mg/dL. Two of three sets of blood cultures yielded literature to help guide our treatment of these complicated cases, K. pneumoniae that was susceptible to cefazolin (MIC, £2
we determined the frequency of endocarditis due to Klebsiella mg/mL), gentamicin (MIC, £1 mg/mL), and ciprofloxacin species at the Minneapolis VAMC and analyzed the discernible (MIC, £1 mg/mL). A urine culture did not yield any growth.
English-language literature on this syndrome. A 1-2/6 systolic murmur was noted, but a transesophageal
The Minneapolis VAMC Experience echocardiogram did not show any evidence of vegetations or abscess. No peripheral manifestations of endocarditis were ob-A review of microbiology laboratory records at the Minneapolis VAMC showed that Klebsiella species were the third most served. An electrocardiogram revealed a new first-degree heart / 9c46$$fe70 01-09-98 00:16:10 cida UC: CID common cause of gram-negative bacteremia after Escherichia ditis complicated only one (1.2%) of 86 cases of klebsiella bacteremia in our population. This rate of bacteremia-associated coli and Pseudomonas aeruginosa. Eighty-six patients had bacteremia due to Klebsiella species between 1993 and 1997. Echoendocarditis is quite low compared with the rates of endocarditis complicating other bacteremic infections [3] . The low rate of cardiographic results and discharge diagnoses for these patients during this period were cross-referenced; none of these data reendocarditis may be related to the poor adherence of Klebsiella species to cardiac valves vs. that of gram-positive and even other vealed additional cases of klebsiella endocarditis. Thus, endocar-/ 9c46$$fe70 01-09-98 00:16:10 cida UC: CID [15] . § One case also discussed in [8] .
gram-negative organisms [4] . Given the rarity of this infection, from series, seven from isolated case reports, and the two new cases reported herein. A summary of data from the individual the current review is the most comprehensive summary of infective endocarditis due to Klebsiella species.
cases is provided in table 1. The frequencies of gram-negative and klebsiella endocarditis were determined in cases of infective endocarditis of all etioloLiterature Review gies reported in 22 case series (table 2) . Four other series were excluded because they reviewed only A MEDLINE search linking the medical subject headings bacterial endocarditis and Klebsiella yielded only six case rechildren [36] , pacemaker-associated endocarditis [35] , endocarditis exclusively due to gram-negative bacteria [31] , and cases ports published between 1966 and 1997. From the references cited in these articles, we identified and reviewed published that were discussed in another series [8] . Of the 2,472 cases of endocarditis included, 215 (8.7%) were caused by gram-negative series of endocarditis containing at least one case caused by Klebsiella species. Bibliographies of these articles were also bacteria, and 37 (1.5%) were caused by Klebsiella species. Gram-negative organisms accounted for 7.4% of 1,990 cases of examined for potential additional reports of klebsiella endocarditis. A total of 50 cases were identified, including 41 
Summary and Recommendations
Antibiotics alone 9/18 (50) Antibiotics plus valve replacement 3/11 (27) Klebsiella species are a rare but ominous cause of bacterial Total (with known outcome) 17/35 (49) endocarditis and are responsible for high rates of complications and a high mortality rate. Agents with the greatest in vitro activity against these organisms -often third-generation cephvalve endocarditis. These results are consistent with previously alosporins and aminoglycosides -should likely be given in published data indicating frequencies of 5%-10% and 17% for combination. The optimal duration of therapy is not well degram-negative organisms as the causes of native valve endocarfined, but a §6-week course seems prudent for klebsiella endoditis and prosthetic valve endocarditis, respectively [31] . In the carditis. Other antibiotics such as imipenem, aztreonam, and 22 series reviewed, Klebsiella species caused 1.2% of the cases fluoroquinolones have demonstrated activity against gram-negof native valve endocarditis and 4.1% of the cases of prosthetic ative organisms; however, more data are needed to support valve endocarditis. These low percentages likely represent overthe efficacy of these agents for treatment of endocarditis [42] . estimates of the frequency of klebsiella endocarditis because Outpatient therapy should be considered with great caution only series containing one or more cases caused by Klebsiella because, as demonstrated in our two cases, a patient's condition were included in our review, and several large series, each conmay worsen quickly without clear evidence of preceding microtaining ú100 cases of endocarditis but no cases due to Klebbiological failure, and emergent valve replacement is often siella, were excluded [38] [39] [40] .
necessary. Serial echocardiograms are likely indicated for seThe valve infected was specified in 23 cases of klebsiella cure management. Because many patients fail to respond to endocarditis (table 1). The aortic valve was most commonly medical treatment alone, and sometimes precipitously so, early involved (17 cases; 74%), followed by the mitral valve (eight consultation with a cardiac surgeon is appropriate. cases; 35%) and the tricuspid valve (one case; 4%); three patients (13%) had both aortic and mitral valve involvement. The
